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Abstract 


Contract  Ko.  Da 28  <&3  AJC  02135  (B) 

The  principal  physical  condition  causing  constructional  difficulties 
in  both  the  1-3A  X  3-lA  inch  and  1-1/8  X  1-1/8  inch  cell  size  batteries 
vas  the  evolution  of  gas  during  storage  and  discharge.  A  revision  in 
seal  construction  end  moisture  barrier  site  reduced  the  failure  rate, 
particularly  on  the  1-1/8  X  l-l/8  inch  cell  site. 

A  protective  coating  to  prevent  corrosion  of  the  non-reactive  aide 
of  the  anode  tv  necessary  to  prevent  corrosion  of  the  electrical  contact 
area  of  the  anode. 

A  magnesium  wafer  battery  cannot  be  contained  within  a  specified 
dimension  due  to  expansion  of  discharge  products.  Provision  must  be 
allowed  for  this  expansion  in  battery  design.  Special  measures  to  contain 
tho  expansion  reduces  the  capacity  of  the  battery. 

It  should  be  possible  tc  build  a  l-l/8  X  l-l/8  inch  cell  size  battery 
with  a  9<#  survival  rate  when  stored  one  month  at  l60°F. 

The  Impedance-Riase  Angle  measurements,  particularly  phase  angle, 
on  complete  wafer  ba:  vies  is  a  potentially  useful  method  of  determining 
the  condition  of  a  battery  in  a  non-destructive  manner. 
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Publlcatlona ,  Lectures,  Reports  and  Conferences 
Publications:  Hone 

v 

Reports:  None 

Lectures:  None 

Conferences: 

1.  14  March  1968,  outlined  progress  to  date  and  discussed 

contract  completion  requirements.  Held  at  ECOM,  Fort  Monmouth, 
New  Jersey.  Attended  by  Donald  B.  Wood  of  the  U.  6.  Army 
Electronics  Command  and  Howard  J.  Strauss  and  Lloyd  W.  Eaton 
of  Burgess. 
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Cell  and  Battery  Construction 

The  objective*  proposed  in  the  Semi-Annual  Report  SC  CM  02135-5 
vere  a*  follow*: 

1.  Verify  the  theory  that  the  contact  area  protection  from  moisture 
requires  complete  protection  of  the  non-active  side  cf  magnesium  anode* 

2.  Determine  the  most  effective  material  for  providing  the  corrosion 
protection  of  the  nan-reactive  side  of  the  magnesian  anode, 

3.  Verify  the  supposed  destructive  effect  of  perchlorate  on  rubber 
hydrochloride  cell  wrap. 

4.  Qualify  EZ2000.21  (Dow)  film  es  a  cell  wrap  material  for  perchlorate 
mix  cells. 

5.  Qualify  polyethylene  coated  paper  as  a  cell  wrap  material  for 
perchlorate  mix  cella. 

6.  Test  seamed  cans  for  the  l-i/8"  X  l-l/8"  sir.e  batteries,  ae  full 
eectitfcW  of  the  Bttw270/U,  for  containment  of  the  cell  expansion. 

7.  levies  a  wax  proof  gas  ieafc  device,  i.e.  one  that  does  not  plug 
with  wax  during  potting,  for  1-1/8"  X  .1-1/8''  site  battery  to  relievo  tne 
hydi-'jger  fy.s,  produced  cn  discharge,  that  is  contained  by  the  sealing  in 
a  fresh  battery. 

8.  Test  methods  of  redistributing  expansion  forces  in  the  3a-4386/PRC~25 
flat  cell  battery  employing  a  cell  measuring  1-3/4"  X  3-1^"  to  allow 
containment  of  the  battery  within  the  design  limits. 

9.  Assuming  perchlorate  battery  .ell  *rep  problems  are  ever cone  and 

a  surviving  battery  r>)  '  v»de,  determine  the  delay  characteristics  of 

voltage  build-up. 


10.  Test  batteries  stored  at  145^. 


Moisture  Protection  of  Contact  Area 
It  vac  found  that  if  rny  bare  metal  exists  on  the  non-active  side 
relative  to  the  cell  of  the  magnesium  anode  corrosion  vill  start  at  this 
bare  section  and  proceed  under  all  protective  materials  surrounding  the 
contact  area,  producing  variable  cor  roe  ion  the  contact  area  and  this 
in  turn  results  in  slight  resistance  increase  to  an  effectively  open 
circuit. 

The  following  ate rials  and  methods  were  tried  to  protect  the  contact 

area: 

1.  H.  B.  Fuller  Co.  HM  11 3R  hot  melt  adhesive  smeared  over  entire 
non-active  side  of  anode  except  l/4  inch  diameter  contact  area. 

2.  national  Starch  3^-3104  hot  melt  adhesive  appLied  in  the  same 
iamner . 

3.  Ccast-to-Ccast  Spray  Fteint  of  the  following  code  numbers  without 
a  primer  coat. 

a .  GPO-224-8 

b.  OP- 207 

c.  OP-214 

4.  OP- 206 
e.  GP-205 

4.  Primer  spray  paint  u».4-i  (1th  OP-205  snd  OPO-224-8  gprsy  points 
o.  Coast  -to- Coast  GP-234 

b.  Ccnst-io -Const  GP-230 

c.  Teapo  Products  Co.  No.  £  - 2000  spray  prirwr 


-5- 


The  materials  were  tested  by  making  complete  battery  unite,  storing 
far  one  month  at,  160°F. ,  discharging,  and  exaainatlon.  The  relative 
results  of  these  anode  protective  coatings  would  be: 

1.  H.  B.  Fuller  Co.  HMLL3R  hot  melt  —  poor 

2.  Rational  Starch  34-310'*  hot  melt  --  good,  if  applied  carefully 

3.  Coaat-to-Ccaat  spray  paint 


a.  GFO-224-8 

b.  OP-207 

c.  OP-214 


goo* 

fair,  minus 
poor 


d.  OP-206  fair,  plus 

e.  Gp-205  good 

4.  Primer  spray  paint  with  GP-205  and  OPO-224-8  spray  painta 

a.  Coaet-to-Coaat  G P-234  very  poor 

b.  Coaat-to-Coaat  GP-230  good 

Tempo  Products  Co.  Bo.  3-2000  fair,  minus 

The  effectiveness  of  the  paint  coating  la  affected  by  the  picking 
process  employed  ca  the  magnesium  and  further  work  is  needed  to  obta;  n  s 
uniformly  effective  coating  that  ia  easy  to  apply.  The  nature  cf  the 
pigment  in  the  paint  also  affects  the  ability  of  the  coating  to  survive 
as  a  protective  coating. 

The  percentage  of  pigaant  in  the  paint  etd  the  percentile  composition 
of  the  pigmant  of  the  various  paints  emplcyed  er*  as  follows: 
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GPO-224-8 


Pigment  per  centage  in  paint 

3.  mi 

Titanium  Dioxide 

4o.i  i 

Chrome  Yell  cw 

kB.9  $ 

Yelled#  Iron  Oxide 

9-9  * 

Brown  Iran  Oxide 

0.7  4 

Red  Iron  Oxide 

o.k  * 

GP-207 


Pigment  per  centage  in  paint 

1.7211 

Titanium  Dioxide 

32-5  i 

Iron  Blue 

67-5  * 

GP-214 

Pigment  per  centage  In  paint 

1.1*0$ 

Taluidine  Red 

ioo.  $ 

G P-206 

Pigment  per  centage  in  peint 

3.02^ 

C.  P.  Chircae  Yellcv 

i 

C.  P.  Chrcoe  Yellcv  Med. 

9.1  i 

Titanium  Dioxide 

36. 4  i 

GP- 205 

Pigment  per  centage  in  paint 

2.10 $ 

Chri-ie  Yellcv  Lerr.or. 

46.o  i 

Chrcme  Green  Hen. 

54.0  $ 
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The  Toluldlne  Rod  ( OP- 214)  was  altorod  chemically  In  the  cell 
during  160^.  storage  and  corrosion  vac  generalized. 

The  Iron  Blue  (0F-20?)  would  be  altered  chemically  but  the  effect 
would  be  variabl  from  total  failure  to  Isolated  spots  on  a  few  cells. 

Tbs  Orient  in  GP-206  wee  not  altered  chemically  but  the  coating 
tended  to  be  porous  and  would  "lift"  from  the  inode  and  allow  corrosion 
in  variable  degrees. 

Effect  of  Perchlorate  on  Rubber  Hydrochloride  Film 

BA-4386  units  were  made  using  5N  perchlorate  wetter  in  the  cathode 
mix  and  rubber  hydrochloride  cell  wrap.  Units  were  stored  one  month  at 
J.60 cy.  and  one  and  three  months  at  130°F.  Careful  dismantling  of  the 
units  was  performed  and  the  individual  cells  examined  under  a  microscope 
at  l6x.  Small  nodes  were  found  Just  _naide  the  heat  sealed  area  of  the 
130°?.  samples.  The  holes  ra  found  to  have  Joined  to  farm  a  alit-like 
opening  in  the  160^.  samples  that  could  almost  be  seen  with  the  unaided 
eye.  The-’a  openings  allowed  electrolyte  to  escape,  causing  ma3sive 
destruction  within  the  battery.  Apparently  the  heat  uf  sealing  partially 
degraded,  the  adjacent  rubber  hydrochloride  film  sc  that  the  perchlorate 
could  attack  the  area.  The  unheated  parts  of  the  cell  wrap  apparently 
were  not  affected  by  the  perchlorate  to  a  detectable  degree. 

Qualification  of  PZ2000.21  (Dow)  Film 

Thic  material  haa  v“*n  found  to  be  Inert  to  the  effect  of  perchlorate 
but  suffers  mechanical  difficulties  in  obtaining  an  effective  neat  seal. 
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Heat  sealing  produced  false  seals  and  hidden  extrusion-like  holes  that 
were  very  difficult  to  find  even  under  l6x  observation.  Because  of  this 
characteristic  the  material,  ty  itself,  is  unsatisfactory,  hut  modification 
as  a  laminate  vlth  other  film  materials  holds  promise.  A  number  of  battery 
units  were  made  and  are  discussed  in  other  sections  of  this  report. 

Qualification  of  Polyethylene  Coated  Paper 

This  material  is  not  practical  in  the  cell  assembly  employed.  The 
heat  erf  sealing  damages  the  continuity  of  the  polyethylene  film  in  the 
areas  adjacent  to  the  seal.  The  other  non-heat  affected  areas  survive 
one  month  at  160°?.  in  excellent  condition.  The  leakage  allowed  by  this 
heat  seal  damage  causae  massive  destruction  within  the  battery. 

Seamed  Cana  for  1-1/8  X  1-1/8  Inch  Cell  Size  Batteries 

The  rolled  seam,  ah  cam  as  Fig.  h  in  appendix  and  used  on  both 
l-l/8  X  1-1/8  and  1-3/8  X  3-lA  inch  cell  size  cans,  would  hold  approx¬ 
imately  50^1  of  the  time  on  1-1/8  X  1-1/8  cell  size  batteries.  It  cannot 
be  relied  upon  to  contain  the  batteries  within  the  can  due  to  the  ex¬ 
pensive  pressure  of  the  discharge  products.  The  seamed  cans  were  also 
edge  welded  to  insure  containment  on  most  units. 

Ges  Leak  Device 

It  was  found  that  the  gas  produced  cn  discharge  is  not  escaping  the 
individual  cells  as  thought  and  being  trapped  in  the  wax  coated  battery 
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can  but  If  actually  being  bela  within  the  individual  calls  with  the  can 
restraining  the  ballooned  cell  wrap.  To  be  effective,  each  cell  would 
require  *  gas  1 f&)i  device.  It  was  found  that  as  long  a«  the  discharge 
rate  did  not  exceed  0.028  aap/sq.  inch,  on  a  continuous  basis,  the 
electrical  contact  between  cells  could  be  maintained  by  adjusting  the 
degree  of  compression. 

Containment  of  Be -4386  Battery 

It  was  found  to  be  impossible  to  contain  a  unit  within  the  specified 
design  limits.  The  most  successful  method  found  in  restricting  the  expansion 
was  to  weld  l/4  X  l/8  inch  steel  bars  across  the  ends  of  the  battery  can, 
two  bars  per  end  equally  spaced.  Seven  units  were  made  in  tuis  manner. 

Three  suffered  same  heat  damage  due  to  the  welding  and  shorted.  The 
resultant  gas  pressure  caused  the  can  seam  to  yield  and  the  cell  wrap 
exploded.  Three,  on  discharge,  ruptured  the  velds  or  tore  the  metal  of 
the  can.  Only  one  was  totally  restricted.  The  capacities  of  the  restricted 
units  is  noticeably  less  than  the  equivalent  unit  in  which  the  only 
mstricticn  is  the  can  cover  itself.  It  would  appear  that  to  operate 
properly  magnesium  flat  cell  batteries  must  be  allowed  a  degree  of  restrained 
expansion.  Too  much  extension  room,  i.e.  addition  of  fibrous  material 
or  balsa  wood,  or  too  little  per  above  experiment  reduces  the  capacity. 

A  possible  explanation  is  the  physical  nature  of  the  discharge  product 
on  the  anode.  If  too  much  room  is  allowed  this  product  is  bulky  and 
voluminous  and  causes  too  much  separation  in  the  cell  increasing  cell 
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resistance,  In  excessively  restrained  units  this  product  becomes  hard 
and  compressed,  preventing  easy  access  of  electrolyte  to  the  anode  metal, 
again  increasing  resistance.  An  example  of  this  effect  is  shewn  in  the 
Ag  sections  of  fresh  Be-4386  batteries  using  perchlorate  mix. 

Capacity  in  hours  to  10.0  volts/9.0  volts 


Unit  1 

Unit  2 

Standard  can  construction 

71. 5/7*. 1 

72.5/78.3 

Restrictive  bars 

56.9/65.5 

56.8/64.5 

Fibrous  pad 

57.9/60.0 

33.3/33.* 

The  use  of  l/4  Inch  thick  sponge  rubber  provided  such  eash  expansion 
that  the  gas  evolution  or  discharge  separated  the  current  collector  from 
the  cathode,  casing  an  open  circuit  to  appear  shortly  after  placing  the 
battery  cn  discharge. 


Cell  Integrity 

The  dominant  mode  of  failure  i_c  both  the  1-3/4  X  3-1/4  inch  and 
l-l/8  X  l-l/8  inch  cell  sizes  vas  a  degree  of  shorting  of  physical 
destruction  due  to  the  presence  of  free  electrolyte  outside  the  cells. 

With  the  exception  of  the  FZ- 2000. 21  a  film  poor  seal  performance  was 
inadequate  to  account  for  the  persistent  appearance  cf  this  electrolyte 
ao  microscopic  examination  of  the  160^.  stared  units  was  undertaken  to 
try  to  trace  the  source  of  this  leakage.  The  effect  of  this  leakage  on 
the  1-3A  X  3*lA  inch  coll  size  batteries  vss  such  mare  severe  than  the 
effect  on  the  1-1/8  X  l-l/  !  inch  cell  size  batteries  and  perchlorate  units 


I fT* <-  --  w  •  ..«-h  e  r  .. , 
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suffered  mere  than  brcmlde  unit*. 

An  Indication  of  the  difference  In  severity  of  damage  between  the 
bromide  and  perchlorate  unite,  with  the  construction  described  in  SCCH  02135-5 
and  shown  in  Figs.  1,  2,  and  3  o f  this  report,  i.e.  hot  melt  ring  seals 
and  anode  size  moisture  barriers,  is  shewn  in  Table  I  (bromide  1-1/8  X  1-1/8 
cell  size)  and  Table  V  (perchlorate  1-1/8  X  l-l/8  cell  size.) 

The  first  change  to  improve  this  performance  was  to  reduce  the  size  of 
the  moisture  barrier  to  19/32  inch  diameter.  The  effectiveness  of  this  change 
ia  shown  in  Table  II  (bromide)  and  Table  VI  (perchlorate)  as  compared  to 
Tables  I  and  V . 

Microscopic  examination  of  the  units  in  Tables  I,  II,  V,  and  VI 
(1-1/8  X  1-1/8  cell  size)  and  Tables  IX,  X,  XIII,  and  XIV  (1-3/4  X -3-1/4 
cell  aize)  eventually  produced  a  consensus  as  to  the  primary  source  of  this 
leakage.  It  appears  that  the  plasticizer  present  in  the  cathode  current 
collector  material  migrates,  at  l60°?.,  into  the  hot  melt  ring  seal  between 
the  collector  and  cell  wrap.  This  alteration  of  the  seal  and  the  pressure 
of  the  gas  produced  on  storage  would  force  the  seal  allowing  some  electro- 
xyte  to  escape  during  storage  damaging  the  batteries.  Further  electrolyte 
ia  farced  out  of  the  now  parous  seal  by  the  gas  pressure  generated  during 
discharge  adding  to  the  damage. 

The  second  change  in  cell  construction  was  the  replacement  of  the  hot 
rselt  ring  seal  between  the  cathode  current  collector  and  cell  wrap  with 
3-M  Company's  No.  666  adhesive  tape  the  same  size  as  the  cathode  currant 
collector.  Holes  were  provided  for  contact  to  the  current  collector. 

The  effect  of  this  change  on  the  1-1/8  X  1-1/8  cell  size  units  is  shown 
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aa  beries  1  and  2  of  Table  III  (bromide.) 

This  change  totally  stopped  the  leakage  occurring  at  the  cathode 
current  collector  seel  but  caused  an  increase  In  failure  rate  on  discharge 
due  to  disconnection  of  the  current  collector  in  one  or  more  cells  by  the 
pressure  of  the  gas  generated  on  discharge.  The  rinfc  seals  had,  apparently, 
provided  a  form  of  gas  leak.  The  compression  vas  increased  by  e'thar 
cutting  the  battery  can  down  in  size  or  Increasing  the  cathode  mix  content 
approximately  4.5$.  This  effect  is  shown  in  Table  III,  series  3-6,  Tables 
VII,  VIII  (1-1/8  X  1-1/8  cell  size)  and  Tables  XI  and  XV  (1-3/4  X  3-1/4 
cell  size.) 

Corrosion  of  the  anode  contact  reappeared  in  the  unite  employing  the 
tape  seal  between  the  cathode  current  collector  and  cell  wrap.  Careful 
examination  of  cells  from  these  units  indicated  that  the  hot  melt  ring 
seal  between  the  anode  and  cell  wrap  was  now  being  farced  by  the  increased 
gas  pressure,  during  storage  at  l60°F.,  due  to  seal  improvement  on  the 
collector.  This  effect  was  largely  confined  to  the  1-3/4  X  3-1/4  cell 
size.  The  1-1/8  X  1-1/8  cell  size  apparently  did  not  produce  enough 
gas  on  storage  to  cause  this  damage  to  any  degree. 

The  third  change  in  cell  construction  wsb  to  replace  the  ring  s*al 
on  the  painted  anode  with  a  1  X  1  inch  piece  of  No.  666  tape.  This  tape 
eaal  between  the  cell  wrap  and  anode  and  current  collector  totally  stopped 
leakage  at  these  points.  Any  leakage  found  in  these  units  resulted  frem 
true  heat  seal  failure  of  the  cell  wrap.  Units  made  in  this  manner  are 
listed  in  Tables  IV  and  VIII  (l-l/8  X  1-1/8  cell  size)  and  Tables  XII  and 
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XVI  (1-3A  X  3-1 A  cell  size.) 

Phase  Angle  and  Impedance 

Very  late  In  the  contract  period  a  Hewlett-Packard  Vector  Impedance 
Meter  Model  4800A  was  obtained  to  study  the  phase  angle  and  Impedance 
characteristics  of  the  Ba-^386  units,  the  purpose  being  to  determine 
the  condition  of  the  battery  before  and  after  storage  by  nan-destructive 
means.  Although  the  data  Is  limited,  the  results  are  favorable  and 
indicate  that  the  Impedance- phase  angle  measurements,  and  particularly 
the  phase  angle,  can  be  correlated,  to  a  degree,  with  various  conditions 
within  a  battery. 

As  noted  in  earlier  sections  of  this  report,  leakage  of  electrolyte 
was  the  singular  moat  serious  source  of  failure  and  a  non-destructive 
means  of  detecting  this  leakage  rnd  locating  the  source  was  one  of  the 
prime  objectives  of  this  work. 

The  data,  indeed,  did  point  to  a  common  characteristic  for  batteries 
with  leakage  that  separated  them  from  normal  units.  This  characteristic 
is  a  marked  downward  deviation  of  the  phase  angle  from  tolerance  limits 
established  for  normal  units  without  leakage.  The  tolerance  limits 
were  determined  by  the  pragmatic  method  of  measuring  a  number  of  units. 

All  fresh  unita  showing  this  deviation  destroyed  themselves  during  storage 
at  lfiO0!1.  The  impedance  measurements  seemed  to  have  intuitive  value 
but  were  difficult  to  tie  in  specifically  to  any  particular  condition. 
There  appeared  to  be  some  correlation  of  the  impedance  to  electrical 
contact  between  cells  and  dryneae  of  the  cathode. 
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The  phase  angle  of  units,  after  storage  one  month  at  160^.,  showed 
deviation  from  the  fresh  state  when  leakage  occurred  during  storage. 

Units  that  show  little  or  no  deviation  from  the  fresh  norm  could  be 
expected  to  perform  properly.  Units  with  deviation  ran  poorly  compared 
to  non-deviant  units. 

The  impedance  increased  generally  after  storage  more  so  at  the 
lower  frequencies.  Bromide  electrolyte  battery  imped*  ■:  vs  were  generally 
higher  than  perchlorate  electrolyte  batteries.  Severe  impedance  increase 
after  storage  with  little  phase  angle  deviation  usually  Indicated  corrosion 
of  the  electrical  contacts  on  the  anode. 

The  Hewlett-Packard  Model  4800A  Vector  Impedance  Meter  is  provided 
with  a  direct  measurement  plug-in  that  allowe  an  external  circuit  that 
is  to  be  measured  to  be  applied  directly  to  the  instrument  and  phase  angle, 
impedance,  resistance  and  capacitance  or  inductance  can  be  resd  directly 
on  meters  incorporated  in  the  instrument.  The  frequency  is  adjustable 
over  5  HZ  to  500  KEg  in  five  bands.  Frequencies  beyond  10  KH^  were  of 
no  value  in  this  work.  The  nature  of  the  instrument  is  such  tiat  the 
DC  voltage  of  the  battery  must  be  blocked  so  a  20,000  MFD  capacitor 
was  interposed  between  the  test  batteries  and  instrument.  The  impede  ice 
of  this  capacitor  is  of  no  consequence  in  the  readings.  There  is  a  phase 
angle  shift  resulting  from  this  capacitor,  but  it  is  essentially  constant 
over  the  range  and  does  not  seem  to  affect  the  interpretations  of  the 
battery  results.  The  instrument  is  such  that  the  frequency  can  be 
swept  by  an  external  oscillator  over  a  given  decade  and  the  impedance 
and  Jhaae  angle,  through  an  analog  output  that  is  provided,  reed  cut 
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cn  an  oscilloscope  and  tha  trace  photographed.  Due  to  the  application 
being  a  little  unusual  for  the  equipment,  acme  difficulty  was  experienced 
In  Its  oporaticn  and  adjustment  and  a  modification  of  the  meter  was 
required*  This  limited  Its  use  during  the  contract  period  to  manual 
adjustment  of  the  frequency  and  the  period  of  time  avail  ble  for  measure¬ 
ments  was  too  short  for  extensive  data. 

The  meter  supplies  a  test  signal  to  the  unknown  circuit  less  than 
2.2  millivolts  &4B  in  the  range  employed.  The  current  of  the  Injected 
signal  Is  held  constant  by  the  meter's  circuitry  and  the  Impedance  la 
directly  proportional  to  the  voltage.  The  phase  angle  la  determined 
within  the  meter  by  circuitry  that  compares  the  signals  from  the  voltage 
and  current  channels. 

The  fresh  bromide  mix  units  of  Series  5,  Table  XI  and  3eries  2, 

Table  XII  were  measured  far  Impedance  and  phase  angle  at  various  fre¬ 
quencies.  The  phase  angle  chare  -t eristic  of  the  series  1b  represent¬ 
ed  by  the  following  average  values  with  the  tolerance  deviation  spread 
Including  every  unit  measured  except  Unit  #1  of  Series  5,  Table  XI. 


-16- 


Frequency 

-  Hz 

A_  Section 

-e - 

Average 

Tolerance 

Minus 

2° 

30 

Phase  Angle 

77° 

Plus 

2° 

4o 

75 

3 

3 

6o 

72 

5 

5 

80 

59 

7 

4 

100 

67 

6 

4 

200 

6o 

8 

6 

400 

50 

10 

8 

600 

42 

10 

9 

000 

37 

10 

8 

IK 

33 

9 

6 

2K 

24 

8 

6 

5K 

13 

6 

4 

Frequency 

-  Hz 

A^  Section 

Average 

Plus 

Minus 

30 

Riase  Angle 

75° 

5° 

3° 

4o 

74 

4 

5 

60 

69 

6 

4 

80 

67 

6 

6 

100 

63 

7 

6 

200 

51 

9 

8 

400 

38 

11 

9 

600 

31 

7 

9 

8oo 

24 

9 

7 

IX 

21 

7 

6 

sx 

11 

7 

5 

5K 

Inductive 

"  “  " 

*  **  ” 
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Tha  kg  faction  tolerance  deviation  spread  of  the  froth  bromide 
units  is  shnvn  in  Figure  5  as  two  solid  lines..  The  cross  points  reptre- 
sent  the  fresh  jhase  angle  value  of  the  first  battery  of  Eeries  5, 

Table  XI.  This  unit  was  the  only  unit  of  the  tvo  serlea  with  a  aerious 
deviation  outside  the  tolerance  limit.  The  unit  destroyed  itself  vithin 
one  week  whin  stored  at  l6oV  The  deviation  we*  caused  by  leakage  of 
electrolyte.  This  unit  did  not  shew  any  variation  from  the  norm  in 
either  voltage  or  current  producing  ability.  The  A^  section  values  of 
the  same  units  are  plotted  in  Figure  6  with  the  cross  point  vtl^ds  of 
the  above  noted  unit  #1  of  Series  5,  Table  XI.  The  leakage  aource  would 
appear  to  be  in  the  section. 

The  unite  of  Series  5f  Table  XI  were  measured  for  impedance  and  phase 
angle  after  storage  for  one  month  at  l6o°F.  Units  2,  4,  5,  and  6  showed 
open  circuit  in  the  A^  section.  These  units  were  opened  and  acme  leakage 
was  found  that  had  corroded  the  Ag  positive  lead.  Thia  lead  was  replaced 
and  the  unita  recanned  and  discharged.  Units  3,  7;  8,  9>  and  10  A2  section 
phase  angle  data  is  shewn  as  croes  points  c*.  Fig.  7-  The  tvo  solid  lines 
are  the  freah  deviation  tolerance  limits  noted  earlier.  It  will  be  not -id 
that  very  little  change  occurred,  in  the  phase  angle.  Fig.  8  shews  the 
same  data  far  the  A^  section  of  these  units.  Also  little  deviation  will 
be  noted.  The  impedance  data  noted  for  the  A^  section  in  Fig.  9  shows 
a  significant  change  had  occurred.  The  two  lines  for  fresh  nnd  efter  l60°F. 
storage  encompass  every  unit  of  the  series  and  are  essentially  maxium 
and  minima  points  for  the  various  frequencies,  dxaasinatlcn  ctf  these  units 
showed  that  the  gas  pressure,  produced  during  storage  end  trapped  by  the 
cathode  collector  tape  seal,  had  forced  the  hot  melt  smear  seel,  allowing 
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electrclyte  to  uctpo  at  the  electrical  contact  point  on  the  snoda. 
Ccusidarabla  corrosion  of  this  contact  vaa  found  and  the  free  electrolyte 
had  cauaad  the  A£  positive  lead  to  be  destroyed  or  ao  cloae  to  being 
destroyed  that  further  action  on  dJ • charge  caapleted  the  deet ruction  of 
the  lead. 

The  pbaee  angle  and  iapedance  data  fear  Ag  sect lone  of  unite  of 
series  1  Table  12  that  vara  stored  one  tenth  at  145  *V.  la  shown  in  the 
sens  aanner  In  Figs.  10  and  11.  Due  to  equlpsant  not  being  available  at 
the  tine  fresh  data  vaa  not  obtained  on  these  units.  The  fresh  phase 
angle  data  is  aasuaad  to  be  covered  by  the  deviation  Halts  described 

earlier  In  this  report.  The  fresh  Iapedance  date  Is  aasuaad  to  be  equivalent 

% 

to  that  of  Series  2,  Table  XII.  Acceptance  of  this  fresh  date  Halt 
indicates  little  laris ti  on  of  phase  angle  end  iapedance  occurred  during 
storage  end  the  units  could  be  expected  to  discharge  vlth  reasonable 
capacity,  vhich  ves  th«  case. 

The  fresh  perchlorate  units  of  Series  8,  Table  15  and  Series  1  of 
Table  16  were  also  aassured  for  l^pedaac*  and  phase  angle  vith  the  follow¬ 
ing  average  values  and  tolerance  Halts. 
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A 


2 


Sacticn 


Frequency  ••  Hr 

Average 

Phase  Angle 

Hue 

Tolerance 

Minus 

30 

73° 

2° 

5° 

1*0 

72 

2 

2 

60 

69 

3 

1 

do 

68 

1 

2 

100 

66 

2 

1 

200 

61 

1 

2 

400 

53 

1 

1 

too 

47 

3 

3 

Boo 

42 

4 

3 

IK 

?9 

4 

4 

a 

29 

6 

4 

5K 

16 

5 

4 

A^  Section 


Frequency  -  Hz 

Average 

Pfcaee  Angle 

Flue 

Tolerance 

Minus 

30 

74° 

2° 

1° 

40 

73 

1 

i 

«•* 

6o 

69 

2 

2 

80 

66 

2 

2 

100 

63 

A 

C. 

3 

200 

54 

8 

6 

400 

42 

4 

5 

6oo 

35 

3 

4 

800 

30 

4 

> 

IK 

26 

3 

5 

ac 

17 

5 

4 

5K 
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The  tolerance  deviation  spread  of  Ag  and  sections  arc  shown 
as  solid  lines  in  Figs.  13  and  l4.  The  cross  point  values  are  of  a 
unit  fraa  Series  1,  Table  XV.  This  series  failed  due  to  leakage  of 
electrolyte  resulting  from  faulty  PZ 2000 .21  heat  seals.  The  voltages 
were  normal  and  nothing  appeared  amiss  at  the  time.  The  deviation  in 
phase  angle  is  severe  in  both  the  Ag  and  A^  sections.  The  impedance 
values  of  the  fresh  units  did  not  show  this  deviation. 

The  perchlorate  units  of  Series  1,  Table  16  and  Series  8,  Table  1$ 
were  measured  for  impedance  and  phase  angle  after  storage  far  one 
month  at  l6o°F.  The  results  of  the  phase  angle  measurements  of  the  A,„ 
sections  are  shown  as  cross  points  in  plots  on  Figures  15  and  16  respect¬ 
ively.  The  deviation  from  the  fresh  values  is  not  great,  indicating 
little  or  no  leakage.  This  was  substantiated  on  examination  after 
discharge.  The  impedance  limits  of  the  Ag  sections  of  these  units  both 
fresh  and  after  storage  is  shewn  in  Figures  17  and  18.  It  will  be  seen 
from  these  plots  an  increase  in  impedance  bad  occurred  during  storage. 

The  units  of  Series  8,  Table  15  (Fig.  18)  experienced  failure  of  the 
hot  melt  smear  seal  between  the  anode  and  cell  wrap  and  a  degree  of 
corrosion  wee  present  cn  the  contacts,  nothing  c^iLd  be  found  to 
account  for  the  impedance  shift  of  Series  1,  Table  1.6  units.  The  most 
probable  cause  is  a  lack  of  electrolyte  in  the  mix  to  carry  the  unit. 

The  per  centage  of  electrolyte  had  been  reduced  earlier  in  the  project 
to  ease  physical  problems  in  construction.  The  capacities  of  the  units 
were  fairly  consistent  and  could  be  accounted  for  by  electrolyte  shortage. 
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CCSCLQBIGB 

1.  The  principal  condition  earning  constructional  difficulties  was  tha 
evolution  of  gee  during  at crags  and  on  discharge. 

2.  Magnesium  aa far  batteries  should  not  ba  raatrlctad  by  extra  ordinary 
—ana  to  knap  discharged  unit  vithir  specifications.  Do—  should  ba 
allowed  far  this  expansion  in  tha  design. 

3.  Tha  non-raactlve  aide  of  tha  —gnesiuK  needs  protection  against  corrosion 
In  order  to  mints In  a  clean,  conductive  location  far  electrical 
contact. 

k.  A  battery  with  1-1/8  2  1-1/8  Inch  call  aise  can  be  as do  with  reason¬ 
ably  consistent  capabilities. 

5.  Tha  phase  angle  and  impedance  of  a  battery  at  various  frequencies 
probably  la  a  useful  way  of  characterising  the  condition  of  e  battery 
In  a  nco-deatructive  Banner. 


Appendix  Contents 


Table  Coda  A-l 

Tabla  1  —  l-l/8  I  1-1/8  Inch  Cell  Size;  Hot  Malt  Ring  Baals: 

Anoda  Size  Moisture  Seals: 

Magnesium  Bromide  Mix  A- 2 

Table  II  —  1-1/8  X  1-1/8  inch  Cell  Size;  Hot  Melt  Ring  Seels: 
19/32  Inch  Moisture  Seals: 

Magnesium  Bromide  Mix  A- 3 

Table  III  —  1-1/8  X  1-1/8  inch  Cell  Size:  Tape  Cathode 
Collector  seal: 

19/32  Inch  Moisture  Seals: 

Magnesium  Bromide  Mix  A-4 

Table  IV  —  1-1/8  X  1-1/8  Inch  Cell  Size:  Tape  Seal  Cathode 
Collector  and  Anode:  19/32  inch  Moisture  Seals 
Magnesium  Bromide  Mix  A- 5 

Table  V  —  1-1/8  X  1-1/8  inch  Cell  Size:  Hot  Melt  Ring  Seals: 

Anode  Size  Moisture  Seals:  Magnesium  Perchlorate 
Mix  A-6 

Tabla  VI  --  l-l/8  X  l-l/8  inch  Cell  Size:  Hot  Melt  Ring  Seals: 

19/32  inch  Moisture  Seals:  Magnesium  Perchlorate 
Mix  A-8 

Tabla  VII  --  1-1/8  X  1-1/8  inch  Call  Size:  Tape  Cathode  Collector 
Seal:  19/32  inch  Moisture  Seals:  Magnesium 
Perchlorate  Mix  A-9 

Tabla  VHI  --  l-l/8  X  1-1/8  Cell  Size:  Tape  Seal  Cathode 
Collector  and  An^de:  19/32  Inch  Moisture 
Seals:  Magnesium  Perchlorate  Mix  A-10 

Table  IX  --  1-3 A  X  3-1 A  inch  Cell  Size:  Hot  Melt  Ring 

Sv-als:  Anode  Size  Moisture  Seale:  Magnesium 
broaide  mix  A -11 

Table  X  —  1-3A  X  3-a/4  inch  Cell  Size:  Hot  Melt  Ring 
Seela:  19/32  inch  Moiature  Seals:  Magnesium 
Bromide  Mix  A-ll 

Table  XI  --  1-3/4  X  3-lA  inch  Cell  Size:  Tape  Cathode 
Collector  Seal:  19/32  inch  Moiature  Seals: 

Magnesium  Bromide  Mix  A- 12 
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Table  XII  —  1-3/4  X  3-1/4  inch  Cell  Size:  Tape  Cathode  Collector 
and  Anode  Seal:  19/32  Inch  Mod  ture  Seal*: 


Magnesium  Braaide  Mix 

A-13 

Table  XIII  - 

-  1-3/4  X  3-1/4  inch  Cell  Size;  Hot  Melt  Ring 
Seals:  Anode  Size  Moisture  Seals:  Magnesium 
Perchlorate  Mix 

a-i4 

Table  XIV  - 

1-3/4  X  3-1/4  inch  Cell  Size:  Hot  Melt  Ring 

Seals:  19/32  inch  Moisture  Seals:  Magnesium 
Perchlorate  Mix 

a-16 

Table  XV  — 

1-3/4  X  3-1/4  inch  Cell  Size:  Tape  Cathode 
Collector  Seal:  19/32  inch  Moisture  Seals: 
Magnesium  Par  chi  date  Mix 

A- 17 

Table  XVI  — 

1-3/4  X  3-1/4  inch  Cell  Size:  Tape  Cathode 
Collector  and  Auode  8eals:  19/32  inch  Moisture 
Seal:  Magnesium  Perchlorate  Mix 

A-19 

Figure  1  — 

Magnesium  "F"  Wafer  Cell 

A-20 

Figure  2  — 

Magnesium  "V"  Wafer  Cell 

A-21 

Figure  3  — 

Magnesium  "V"  Wafer  Cell  Modification 

A-22 

Figure  4  — 

Rolled  Can  Seam 

A-23 

Figure  5  — 

Phase  Angle  of  Section  of  Ba-4386 

Bromide  Electrolyte 

A-24 

Figure  6  — 

Phase  Angle  of  A1  Section  of  Ba-4386 

Bromide  Electrolyte 

A-25 

Figure  7  ~ 

Phase  Angle  of  A  Section  of  Units  'i, 

7,  8,  9,  10  of  Series  5,  Table  XI 

1  Mo.  9  l60°F. 

A-26 

Figure  8  -- 

Phase  Angle  of  A.  Section  of  Units  3,  7,  8, 

9,  10  of  Series  5,  Table  XI 

1  Mo.  8  l60° 

A-27 

Figure  9  -- 

Impedance  of  A~  Sections  of  Units  3,  7,  8, 

9,  10  of  Series  5,  Table  H 

1  Mo.  9  160°P. 

A-28 

Tigure  10  -- 

Phase  Angle  of  A_  Section  of 

Series  1  --  Table  HI 

1  Mo.  «  145°F. 

A-29 

Vigor*  11 

Flgur*  12 

Flgur*  13 

Flgur*  Ik 
Flgur*  15 

Flgur*  16 

Flgur*  17 

Flgur*  18 


--  impedance  at  A  Section 

Fr*ab  --  Series  2,  Tabl*  Cl 

1  Mo.  •  1^5°F .  j  8*n*i  1,  Table  Cl 

A -30 

—  Itoaa*  Angle  at  A.  Section  of  Units 

2,  3,  5  of  Series  1,  Tabl*  Cl 

1  Mo.  •  1 

A-31 

—  Rms*  Angl*  of  kn  Section  at 

Ba-4386  2 

Psrchlorat*  llectrolytt 

A -32 

--  Fhas*  Angl*  at  A^  Section  of  Ba-4336 

A- 33 

—  Bias*  Angle  at  AQ  Section  of 

8*rl*a  1,  Table  *71 

1  Mo.  f  l60*V. 

A -34 

—  Ibaae  Angle  of  A  Section  of 

Series  8,  Table  XV 

1  Mo.  •  160^. 

A- 35 

—  Impedance  of  A_  Section  of 

Series  1,  Tabl*  X7I 

1  Mo.  •  i6o^r. 

A-36 

--  impedance  of  A?  Section  of 

Series  8,  Table  IV 

1  Mo.  9  160 *V. 

A- 37 

A-l 

The  code  employed  in  Tables  1  -  l6  to  demote  various  constructional 
features  is  as  follows: 


Code  Letter 
A 
B 
C 
R 
8 
T 
U 


Significance 

Cell  Wrap  —  rubber  hydrochloride 

Cell  Wrap  --  polyethylene  laminated  paper 

Cell  Wrap  —  Dow  F2 2000. 21  film 

Anode  Coating  —  Fuller's  HM-113  R  sneer 

Anode  Coating  —  Rational  Starch  34-3104  sneer 

Anode  Coating  —  Spray  paint  without  primer 

Anode  coating  —  Spray  paint  with  primer 


■  - « i 


i-2 


Satta  I 


1*1/8  X  1-1/8  Inch  Call  81m:  Hot  Malt  King  Seals:  Anode  Bias  Moisture  Seals 

Magnesium  Bromide  Mix 
Storage  C addition:  One  nocth  at  l6o^P. 

Discharge:  2k  calls  on  2  ain-18  aln.  Cyclic  Load 

1168  eha/SB*  chn 


Series  Call  Wrap  Call  Wrap  Cathode 

Cathoda  Anoda  Weight 

grsaa/call 


Anoda 

Protective 

Coating 


Capacity 
in  Hours 
to  29.I  volts 


A  A 

A  A 

1  A  A 

A  A 

A  A 


9 

9 

9 

9 

9 


8 

8 

3 

8 

8 


37.1 
29.8 
29.3 

29.1 
29.1 


2 


B 

B 

B 

B 

B 


C 

C 

c 

c 

c 


9 

9 

9 

9 

9 


8 

8 

8 

8 

8 


0 

0 

0 

0 

0 


A  A 

A  A 

3  A  A 

A  A 

A  A 


9 

9 

9 

9 

9 


8 

8 

8 

8 

8 


52.3 

52.1 

48.6 

52.3 

53.3 


A  A 

A  A 

4  A  A 

A  A 

A  A 


9  T  50.2 

9  T  52.6 

9  1  49.7 

9  T  53.3 

9  T  50.8 


r 


Table  II 


1-1/8  X  1-1/8  inch  Cell  Sise:  Sot  Melt  Ring  Baelst  19/32  laafa  Moisture  Seals 

Magnesium  Broad. is  Mix 
Stonge  vonditlant  On*  month  at  l6o  r. 
piecharget  24  cal'1  •  on  2  *ln.-l8  Bin.  cyclic  load  1168  otaa/3214  cbm 


Series 


1 


2 


Call 

Wrap 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


Cathode 

Anode 

Capacity 

Weight 

Protective 

in  Hours 

graas/cell 

Coating 

to  29*1  volts 

9 

T 

46.1 

9 

T 

k8. 7 

9 

T 

51*3 

9 

T 

51.0 

9 

T 

51-3 

9 

T 

31.4 

9 

I 

51.5 

9 

T 

50.2 

9 

T 

51.5 

9 

t 

45.0 

•*  *  4 


a-4 

*ehie  in 

1-1/6  X  1-1/8  inch  Cell  Siut  Taps  oath  ode  collector  seels  19/32  Inch  Molature  Beale 

Msgnetlua  Brad.de  Mix 
Storage  condition  one  nseth  at  160^. 


Series 

Cell 

Cathode 

Anode 

Ho.  Calls, 

Capacity 

Wrap 

Weight 

Protective 

Load, 

great/ cell 

Coating 

End  Point 

A 

9 

S 

X 

49.4 

A 

9 

I 

X 

1.5 

1 

A 

9 

T 

X 

3A 

A 

9 

T 

X 

1.0 

A 

9 

T 

X 

1.3 

A 

9 

T 

X 

36.7 

A 

9 

T 

X 

0 

2 

A 

9 

nr 

* 

X 

47.2 

A 

9 

T 

X 

46.7 

A 

9 

T 

X 

6.2 

A 

9 

T 

XX 

49.9 

A 

9 

T 

XX 

52.0 

3 

A 

9 

T 

XX 

52.3 

A 

9 

T 

XX 

52.7 

A 

9 

T 

XX 

0 

A 

10 

T 

XX 

47.7 

A 

10 

T 

XX 

49.3 

4 

A 

10 

T 

XX 

47.7 

A 

10 

T 

XX 

49.3 

A 

9.5 

T 

XX 

41.6 

A 

9.5 

T 

XX 

53.9 

5 

A 

9.5 

T 

XX 

28.3 

A 

9.5 

T 

XX 

28.3 

A 

9.5 

T 

XX 

55.2 

A 

9-5 

T 

XX 

32.3 

A 

9  5 

T 

XX 

32.3 

6 

A 

9.5 

T 

XX 

53.6 

A 

9.5 

T 

XX 

55.3 

A 

9-5 

T 

XX 

49.3 

X  2k  cells,  2  ain.-l8  ala.  cyclic  load  11 68  cfaa/3214  aha,  end  point  29.1  vcits. 
XX  --  28  cells,  2  ain.-l8  ain,  cyclic  load  1363  cha/3750  ctua,  end  point  34.0  volts. 


1 
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Table  IV 

1-1/8  X  1-1/8  inch  Call  Site:  Tape  seal  cathode  collector  aad  anode; 

19/32  Inch  Moisture  Seeli 
tiagne,,  lua  Bromide  Mix 
Storage  Condition:  One  month  at  l€'j . 

Discharge:  28  cells  cn  2  min. -18  min.  Cyclic  Load  1363  ohm/ 3750  ohm 


Series 

Cell 

Cathode 

Anode 

Capacity 

Wrap 

Weight 

grams/cell 

Protective 

Coating 

in  Hours 
to  3*.0  volts 

A 

9.5 

U 

50.7 

A 

9.5 

U 

$2.0 

1 

A 

9.5 

U 

*6.6 

A 

9.5 

tr 

52.2 

A 

9.5 

u 

51.* 

A 

9.5 

u 

*9.* 

A 

9.5 

u 

0 

A 

9.5 

u 

0 

Table  V 

1-1/8  %  1-1/8  inch  (Ml  Sltttt  lot  Halt  Hug  Seals:  Anode  Size  Moisture  Seels 

Magnerlun  Psrchlareto  Mix 
Storage  Condition:  Ono  Month  at  l60°P. 
discharge :  24  Cells  cu  2  »in.-l8  nln.  Cyclic  Load  1168  oha/3214  ohm 


Series 


Cell 

Wrap 

Cathode 


Ceil  Yrtp 
Anode 


Cathode 
Weight 
Ohms/ call 


Anode 

Protective 

Coating 


Capacity 
In  Hourr 
to  29.1  Volts 


8  Fresh 
8 
8 
S 
8 


6 


•  *-»*■-.»>  w«  wr  ■! .  m»i  '  i  WWWBUW, .  '■ '  wm1  ja-DWawm 


rwwssewfe 


A-T 

Mbit  V  (Cost.) 

1-1/8  X  1-1/8  Inch  Coll  Siset  Hot  Molt  Ring  Bonis:  Anode  Bis*  Moisture  a— la 

Mhgneslua  Par  chlorate  Mix 
Stonute  Condition:  Ose  Month  at  l6o"V. 

Discharge:  24  cells  on  2  nln.-l8  Bln.  Cyclic  Load  1168  cba/32l4  oha 


Sorias 

Cell 

Cell  Vrap 

C  .  ~u<Xu4 

Anode 

Capacity 

Wrap 

Anode 

Weight 

Protective 

In  Hours 

Cathode 

Graas/cell 

Coating 

to  29.1  volts 

C 

C 

9 

8 

0 

C 

n 

V 

9 

8 

0 

7 

C 

C 

9 

8 

0 

C 

c 

9 

8 

0 

C 

c 

9 

8 

0 

C 

c 

9 

T 

40.8 

C 

c 

9 

T 

56.8 

0 

C 

c 

9 

T 

44.0 

C 

c 

9 

T 

0 

c 

c 

9 

T 

0 

A-8 


table  ?I 

1-1/8  I  1-1/8  Inch  Cell  Ciset  Sot  Melt  Bine  Sen  lit  19/38  inch  Moisture  Beeli 

Magnesium  Bsroblarate  Miz 
Storage  Condition!  One  Month  at  160^. 

Blseharget  24  cell*  on  2  Min.-lS  Min.  cyclic  load  1168  chm/3214  ohm 


Cell 

Cathode 

Anode 

Capacity 

Wrap 

Weight 

Protect  ire 

in  Hours  to 

grama /cell 

Coating 

29.1  ralts 

C 

9 

T 

44.9 

C 

9 

T 

45.3 

C 

9 

T 

41,6 

C 

9 

T 

41.9 

C 

9 

T 

35.5 

C 

9 

T 

47.7 

C 

9 

T 

43.4 

C 

9 

T 

1.3 

C 

9 

T 

1.2 

C 

9 

T 

33.1 

frgWJg*  q.y^  - 


*-9 

Tsfcla  m 

1-1/6  X  1-1/8  inch  Call  Slza  s  Tap*  Cathode  Collector  Saalt 
19/32  l&ch  Moisture  Seels 
Magnesium  Perchlorate  Mix  0 
Stonge  Condition:  One  Month  at  160  ?. 


Series 

Cell 

Cathoda 

Anode 

Ho.  Cells, 

Capacity 

Wrap 

Weight 

Protective 

Load,  lad- 

in  Hours 

gram/ call 

Coating 

point 

C 

9 

T 

X 

43.1 

C 

9 

T 

X 

43.3 

1 

C 

9 

ft 

* 

X 

0 

C 

9 

T 

X 

43.3 

C 

9 

T 

X 

43.5 

C 

9 

T 

X 

0 

C 

9 

T 

X 

7.3 

ft  * 

C 

9 

T 

X 

0 

C 

9 

T 

X 

0 

C 

9 

T 

X 

0 

C 

9 

T 

XX 

47.3 

C 

9 

T 

XX 

31.3 

3 

C 

9 

T 

XX 

40.4 

C 

9 

S 

XX 

35.8 

C 

9 

T 

XX 

0.3 

C 

9 

T 

XX 

34.0 

C 

9 

T 

XX 

0 

4 

c 

9 

T 

XX 

0 

c 

9 

T 

XX 

0 

c 

9 

T 

XX 

0 

c 

9.5 

T 

XX 

24.4 

c 

9.5 

T 

XX 

0 

5 

c 

9.5 

T 

28.9 

c 

9.5 

T 

XX 

13  3 

c 

9.5 

T 

XX 

32.9 

X  —  24  calls,  2  ain-18  ndLn.  cyclic  load  1166  dmj 3214  oho,  Snd  point  29.1  volt*. 


XX  --  28  calls,  2  ain. -18  min.  cyclic  load  1363  chm/3750  oho.  Bad  point  34.it)  volt*. 


*  1  Mon.  •  145°* 
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Table  VIII 

1-1/8  X  1-1/3  inch  Call  81k* t  Taps  Baal  Cathode  Collector  and  Anode: 

19/32  loch  Moisture  Seals 
Magneslua  Perchlorate  Mix 
Storage  Condition:  One  Month  at  lto'V. 

D1  a  charge  1  26  cells,  2  aln.-l8  nln.  Cyclic  Load  1363  chn/3750  ohm 


Sarlaa 

Call 

Cathode 

Anode 

Capacity 

Wrap 

Weight 

Protective 

in  Hours 

graas/coll 

Coating 

to  3h.O  volts 

C 

9.5 

U 

0 

C 

9-5 

a 

0 

1 

C 

9.5 

tr 

0 

C 

9.5 

U 

0 

C 

9.5 

u 

0 

v4> 


A-ll 


Table  zz 

1-3 /4  X  3-1/4  Inch  Cell  Size:  lot  Kelt  Ring  Seale:  Anode  Size  Moisture  Seals 

Magnesium  Bromide  Mix 
65  grams /cell 


Series 


1 


2 


4 


Cell 

Anode 

Storage 

Capacity 

Capacity 

Wrap 

Protective 

Coating 

Condition 

A2  10V/9 V 

Ax  2.12  V. 

A 

R 

0/0 

25.7 

A 

R 

1  Mo.  •  i6o°r. 

51.0/51.0 

51.0 

A 

R 

44.9/60.0 

11.0 

A 

R 

55.8/75.0 

45.4 

A 

R 

0/0 

0 

A 

T 

1  Mo.  0  130°P. 

2. 4/4.1 

1.8 

A 

T 

62.7/71.7 

100.3 

A 

T 

3  Mo.  0  130°F. 

3. 4/4.8 

25.7 

A 

T 

0.5/1- 7 

25.7 

A 

T 

0.0/0. 5 

0.5 

A 

R 

62.7/87.9 

87.9 

A 

R 

1  Mo.  •  16o°F. 

62.2/83.0 

58.0/78.9 

72.0 

A 

R 

58.4 

A 

R 

54.0/72.0 

78.0 

A 

R 

19/32 

A-ll 

Table  X 

:.nch  Moisture 
See  Table  IX 

65.0/83.2 

Seals 

75. 7 

A 

8 

1  Mo.  «  145°F. 

0/0 

0 

A 

8 

O/O 

2.0 

A 

8 

0/0 

0 

A-12 


Table  XI 

1-3/4  J  3-1/4  Slat  Callat  Tape  Catfeada  Collector  Baal:  19/32  Inch  Moiature  Scale 

Magnesium  Broad da  Mix 
65  groat /call 


Sarlaa 


1 


2 


3 


4 


Call  Anode  Storage  Capacity  Capacity 

Wrap  Protective  Conditlana  A«  107 /gv  A-,  2.12  V 

Coating 


c 

T 

1  Mo.  •  I60V 

0/0 

0 

c 

T 

33.0/96.1 

85.1 

A 

T 

0. 3/1.1 

0 

A 

A 

T 

T 

1  Mo.  9  l60°?. 

0/0 

0/0 

0 

0 

A 

T 

4.3/17.0 

0 

A 

T 

0.4/2. 7 

0 

A 

T 

39.2/68.1 

55.0 

A 

T 

A 

26.7/58.1 

11.9 

A 

T 

1  He.  9  160  ?. 

9.8/68.1 

44.0 

A 

T 

72.3/79.3 

90.0 

A 

T 

0/0 

0 

A 

T 

0.4/1. 6 

0 

A 

T 

1  Mo.  «  160^. 

9.0/21.3 

0 

A 

T 

6.0/19.2 

0.7 

A 

T 

7.4/59.0 

1.5 

A 

T 

0/0 

0 

A 

8 

0/0 

0 

A 

8 

3.4/13.4 

24.3 

A 

8 

24.3/44.4 

2.2 

A 

8 

1  Mo.  «  I60V 

2.7/19.8 

10.2 

A 

8 

35-6/46.9 

45.8 

A 

8 

0.5/1. 4 

18.3 

A 

8 

21.0/36.2 

7.7 

A 

S 

2. 4/7. 6 

3.4 

A 

8 

2.4/2. 5 

3.7 

A 

8 

2. 8/3. 6 

33.3 

A-13- 


Tabla  m 


1-3 A  X  3-1 A  81s*  Calls:  Taps  Cathode  Collector  and  Anode  8aal: 

19/32  inch  Moirtur*  Basis 
Magna ciun  Broslde  Mix 
65  grass /call 


Barlas 

Call 

Anode 

Storage 

Capacity 

Capacity 

Wrap 

Protective 

Conditions 

Ap  107/97 

A,  2.127 

Coating 

A 

T 

70.7/86.3 

84.  C 

A 

T 

57.3/70.7 

25-9 

1 

A 

T 

1  Mo.  9  145°P. 

50.5/00.3 

51.7 

A 

T 

50 ■ ?/0O . 3 

00.9 

A 

T 

63.4/80.3 

57-1 

1.3/21.9  26.3 

20.7/55-4  6.1 

31.6/53.6  31.7 

10.8/34.9  0 

8.7/29.7  0 


2 


1  Mo  0  l6o°P. 


» .  MmwMR 
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Tahie  ZZU 

1-3A  X  3-lA  Inch  Cell  glut  Hot  Malt  kick  ottlrt  Aaole  Bite  Moietui*  Seal* 

Magneflus  Pfcrchloaete  Mix 
65  grua/cttU 


Berie* 


(Ml 

Call 

Anode 

Wap 

wap 

Protective 

Cathode 

Anode 

Coating 

8 

c 

B 

B 

V 

B 

B 

c 

B 

B 

c 

B 

B 

c 

R 

A 

A 

8 

A 

A 

B 

A 

A 

B 

A 

A 

« 

A 

A 

8 

A 

A 

R 

A 

A 

R 

A 

A 

R 

B 

C 

T 

B 

C 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

B 

c 

T 

C 

n 

T 

c 

c 

T 

c 

c 

T 

c 

c 

m 

A 

c 

c 

T 

c 

c 

T 

c 

c 

T 

c 

c 

T 

c 

c 

T 

c 

c 

T 

Storage 
Condi t Ions 


1  Mo.  •  l60°R. 


Capacity  Capacity 


lCff/y? 


2.12  V. 


1  Mo.  §  i&°]r. 


1  Mo.  •  130*f . 


3  Mo.  0  130°F. 


1  Mo.  «  l60°F. 


1  mo.  •  i6o°p. 


1  Mo.  t  160  J. 


1  Mo,  t  I60V 


26.0/26. T 
33.V37.0 
0/0 
0/0 
0/0 


38.0/49.0 
5. 8/7. 4 
24.0/42.7 
35.6/49.2 
19.3/36.7 


8 


A -15 


Tabla  nn  (Coot.) 

l-\!k  Z  3-lA  Inch  Call  ftiaat  Hot  JWLt  Ring  8aala»  Anod*  Hi**  Hoiatura  Saala 

fttognaslua  Bwrchlorata  Mix 

65  graaa/c*H 


Bariaa 

C«ll 

Coll 

Anod* 

Vrmp 

Wrap 

JSrotoctiro 

Cathod* 

Anod* 

Coating 

9 

C 

C 

T 

C 

C 

T 

C 

C 

T 

C 

C 

T 

10 

C 

C 

T 

C 

C 

T 

C 

C 

T 

Stores* 

Capacity 

Capacity 

Condition 

Ag  10V/9? 

A1  2.12  V 

1  Ho.  ft  l60°F. 

7. 2/24.0 

0 

31.3/50.6 

52.0 

0/0 

24.3 

0.2/0. 5 

0 

1  No.  ft  160°F. 

21.7/36.0 

50.3 

17.2/28.2 

11.8 

0/0  0 


A-16 

T«bi«  xrr 

1-5A  X  3*1  A  lnah  Gall  litet  lot  Molt  Hag  Baals  1  19/32  lack  Moisture  Baals 

N^paeslua  Psrchlorata  Mix 
65  gras /call 


Carles 

Ooll 

Aaodo 

Storaga 

Capacity 

Capacity 

Wap 

Protact Ira 

Conditions 

k9  1 0?/9? 

101 

Coating 

C 

T 

2*».8/33.3 

50.3 

c 

T 

24.0/31.4 

33*4 

1 

c 

f 

1  Me.  •  l60°P. 

0/0 

0 

c 

* 

0/0 

0 

c 

T 

0/0 

0 

c 

8 

26.3M.9 

20.1 

c 

8 

32.8/l»0.3 

44.0 

2 

c 

8 

1  Mo.  •  l60°P. 

28.3/28.3 

44.0 

c 

8 

0/0 

0 

c 

8 

0/0 

0 

c 

8 

12.4/16,0 

0.6 

3 

c 

8 

1  Mo.  0  l60°P. 

11.5/20.3 

0 

c 

8 

8.0/8.0 

8.0 

.rtHWHIW 


A-17 
Table  XV 

1-3/4  X  3-1/^  inch  Size  Cells:  Tape  Cathode  Collector  Seal 
19/32  inch  Moisture  Seals 
Magnesium  Perchlc  'ate  Mix 
65  grar-o/cell 


Series 

Cell 

Anode 

Storage 

Capacity 

C.  ?aclty 

Wrap 

Protective 

Coating 

Conditions 

A2  10V/9V 

A,  2.12 

C 

rv 

0/0 

0 

C 

T 

1  Mo.  @  l60°F. 

0/0 

0 

1 

C 

T 

0/0 

0 

C 

T 

0/0 

0 

C 

T 

0/0 

0 

C 

T 

19.0/30.0 

35.9 

C 

T 

1  Mo.  @  160°F. 

20.6/30.3 

45.7 

2 

C 

T 

0/0 

r\ 

C 

T 

0/0 

0 

C 

T 

0/0 

0 

C 

T 

5.0/21.0 

0 

C 

T 

1  Mo.  «  145°F. 

11.8/28.9 

0 

3 

C 

T 

1.2/20.9 

0.3 

c 

T 

13.0/31.3 

26.2 

c 

T 

0/0 

0 

c 

T 

0/0 

0 

c 

T 

0  Aj 

0 

4 

c 

T 

1  Mo.  §  lCZ°v  . 

0/0 

0 

c 

T 

0/0 

0 

c 

T 

0/0 

0 

c 

T 

5. 5/9-2 

26.7 

c 

T 

1  Mo.  @  l60°F. 

27.4/38. ^ 

44.3 

5 

T 

26.9/35.0  !  ,  1 
0/0  1 

•  45.1 

n 

T 

0 

C 

T 

0/0 

0 

c 

T 

48.0/70.6 

71.3 

c 

T 

0/0 

0 

6 

c 

T 

1  Mo.  <8  145°F. 

0/0 

0 

c 

T 

0/0 

0 

c 

T 

0/0 

0 

: 
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Tatla  XV  f Cant.) 


1-3/4  X  3-1/4  Inch  81se  Cells:  Tepe  Cathode  Collector  Seel 
19/32  Inch  Koiature  Seale 
Magnesium  Perchlorate  Mir. 

65  grems/eell 


8trl#i, 

Ceil 

Anode 

Storage 

Capacity 

Capacity 

Wrap 

Protective 

Conditions 

A?  10v/9V 

a1  2.: 

Coating 

C 

* 

66.7/7T.O 

80.0 

C 

T 

74.1/80.0 

84.3 

7 

c 

T 

48  hrs.  @  loO^F. 

74.2/80.0 

96  0 

c 

T 

74.1/80.0 

84.6 

c 

T 

0/0 

0 

C 

S 

0/0 

0 

c 

S 

11.2/2 6.1 

14.5 

8 

e 

S 

1  Mo.  «  160  F. 

26.3A9.7 

49.7 

0 

S 

5.5/33-3 

15.8 

c 

S 

25.3/27.8 

17.5 

A-20 

Y  VATIC 


A-21 

Ifegnesiu*  rT"  Vafar  Cell 


1 v  Conductive  Intercell 

2.  Call  Wrap 

3.  Adhealve  ring  ( aeal) 

k.  Conductive  Carbon  Collector 

5.  Cathode  Mix 

6.  Separator 

7.  lonparamble  Jot 

8.  Anodo  (Magneaium) 

9.  Metallic  Moiature  Barrier 

1  1 

I 


figure  2 


(S)  <^  $*)  <w)  ® 


zifc* wims***** < 


A-22 

Magnet! ua  "7"  Wafer  Call 


8.  Anode  (Magnesium) 

3.  Adhesive  ring  (seel) 

2.  Cell  Wrap 

A.  Conductive  Contact  Material 

9.  Metallic  Moisture  Barrier 


Figure  3 


FREQUENCY  H 


PHASE  ANGLE  DEGREES 


Impedance  of  A  Section 
Fresh  -  Series  2, "Table  XII 
1  Mo.  0  ll»5  I  -  Series  1,  Table  XII 

code 

—  Fresh 

—  1  Mo.  @  145TT. 


Fig.  12 


Pig.  15 


© 


A-35 
Fig.  16 
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Phase  Angle  of 
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